Abstract: Wastewater quality is usually assessed using physical, chemical and microbiological tests,
peak C is almost completely removed after the chlorination and reverse osmosis stages. Thus, real-time tool and may be related to custom sensors available today. However, its applicability may 135 be limited due to peak shifts, possible overlapping and interferences between peaks (Yang et al.
136
2015b). Moreover, it may lead to misleading observations by associating each peak with a specific 137 fluorophore, when two excitation wavelengths are seen at fluorescent components ( Fig. 1) .
138
PARAFAC is a mathematical tri-liniar model that deconvolutes EEMs into chemically 139 meaningful components (Fig. 1b) . It separates the contribution of different fluorophores without 140 additional assumptions about their excitation and emission spectra (Cohen et al. 2014) . A thorough 141 description of PARAFAC method and components in wastewater is given by Yang et al. (2015b) .
142
PARAFAC has become common practice in water quality studies, over the past 10 years (Murphy consensus regarding the optimum model in terms of sample size and variability (Yu et al. 2015a ).
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Region Em < 380 nm

186
Based on the peak-picking method, fluorescence in this region is represented by peak T
187
(λ excitation / λ emission ~225 (~280) / ~350 nm) and peak B (λ excitation / λ emission ~225 (~280) / ~305 nm) 188 (Fig. 1a) . Peaks T and B have been observed in all studies that used the peak-picking method for 189 EEM processing, irrespective of the wastewater source (Table SM1) (Bridgeman et al. 2013 ) and material derived from anthropogenic activities (Yu et al. 2014 ). In 192 PARAFAC, the region Em < 380 nm is generally identified as components with 2 excitation 193 wavelengths and 1 emission wavelength (Fig. 1b) in the same wavelength ranges as peaks T and B 194 in the peak-picking method. These components are identified in both municipal and industrial 195 wastewater samples; however, the component similar to peak T is more common in wastewater 196 compared to other components in this region (Table SM2) . Table 1 .
208
Region Em > 380 nm
209
The peak-picking method classifies this region as follows: Peak A (λ excitation / λ emission ~225 / 210 400 -500 nm), peak C (λ excitation / λ emission 300 -350 / 400 -500 nm) and peak M (λ excitation / λ emission 211 310 -320 / 380 -420 nm) (Fig. 1a) . All studies done so far on wastewater OM have identified peak 212 C and most studies found peak A (Table 1) ; however, peak M was analysed only by Yu et al. (2014) 213 at municipal wastewater. Most of the studies that employed PARAFAC for EEM analysis identified 
221
(2012), component 1 is found mostly in OM sources dominated by terrestrial precursor material.
222
Component 2 was defined as reduced quinone-like and was identified in OM from a wide variety of 223 aquatic systems, including those dominated by terrestrial and microbial inputs. While, component 3 224 fluorophores were defined as oxidised quinone-like and were similar to those with terrestrial and 225 marine precursors. Component 1 has not been reported in wastewater studies, but components 2 and 226 3 were seen at studies made on municipal and industrial wastewater (Table SM2) . Additional 227 components were observed in wastewater (Table SM2 ), but they vary depending on source.
228
As shown in Table 1 
236
Research has shown that these components can be detected with handheld fluorometers, which 237 enhances the capability for in situ water monitoring (Hartel et al. 2007 ). Nevertheless, issues with three-way analysis of EEMs assisted by second-order chemometric analyses (Gholami et al. 2015) .
249
Discrimination between humic substances and FWAs was achieved by Boving et al. (2004) As shown above, there are several fluorophores that contribute to the < 380 nm > Em regions, 
315
These differences could be site specific and may depend on the sizes of OM components.
316
As reviewed by , the correlation between BOD and peak T fluorescence (Tables SM1 and SM2) analyses it may be difficult to identify an industrial source with fluorescence spectroscopy. The researchers recommended using this component as fluorescent tracer of non-specific industrial 465 pollution.
466
Studies that evaluated wastewater samples from particular industries have identified specific with the standard solution and were suggested to be used as specific indicators in textile effluents. 
Wastewater tracking in aquatic systems
510
Discrimination between sources using fluorescence spectroscopy may be challenging since 511 domestic wastewater can be mixed with industrial effluents and agricultural runoffs (Andersen et al. PAHs or lignins have widespread application and thus can be found in any type of wastewater.
515
In particular for industrial wastewater it may be more difficult to separate sources due to the biofilm formation on the water extraction system had no influence on the fluorescence signal.
585
However, higher rates of biofilm formation are expected in wastewater, compared to surface water,
586
due to the large quantities of extracellular polymeric substances that enhance cell adhesion to solid 587 surfaces (Tsuneda et al. 2003) . It is yet to be tested on wastewater samples.
598
The inner filter effect (IFE) is another major issue at wastewater samples. The IFE is the Studies have shown that the OM, especially in the region Em < 380 nm is significantly 687 removed after the biological treatment process (Fig. 2) . This is to be expected since the biological 
730
Tertiary and quaternary treatment stages are responsible for removing most of the fraction 731 that fluoresces in the region Em > 380 nm (Fig. 2) . Hambly et al. (2010) observed that chlorination 732 generated a higher reduction in peak C compared to previous treatment steps. Singh et al. (2012) 733 found a minimum of 97 % removal of peak C fluorophores after the reverse osmosis process. 
753
In most monitoring studies, other changes in the fluorescence spectra with regard to peak 754 shape and position were observed. However, the findings regarding peak position are not consistent 755 across studies, potentially due to differences in the treatment process or source of wastewater. For 
810
Wastewater treatment processes reduce the OM fluorescence . In particular, peak T is mostly 811 reduced by the biological treatment, while peak C is removed through chlorination and reverse 812 osmosis. Therefore, simple fluorometers with appropriate wavelength selectivity, particularly for 813 peaks T and C could be used for online monitoring, in WwTPs.
814
In response to these findings, there are several simple probes or fluorometers available on 815 market that measure these two components or more complex systems that convert the peak T fewer issues when dealing with effluents, but it is more difficult to extract quantitative data in the 823 case of untreated or poorly treated wastewater.
824
In order to counteract these issues, dilution of samples is recommended: to a factor of 10 or to 
Ww -wastewater; WwTWs -wastewater treatment works; IFE -inner filter effect; N/A -not available.
